AD 


Ab-fi^ci4l 


AUTOMATIC  CANNON  MANUFACTURING 
COST  ESTIMATING  RELATIONSHIP 

TECHNICAL  REPORT 


PREPARED  BY 

OFFICE  OF  THE  COMPTROLLER 
COST  ANALYSIS  DIVISION 
JO  E.  McCLURE 


MAY  1977 
DRSAR-CPE  77-2 

( 


. US  ARMY  ARMAMENT  MATERIEL  READINESS  COMMAND 
ROCK  ISLAND,  ILLINOIS  61201 


DISPOSITION  INSTRUCTIONS: 


.1 

Destroy  this  report  when  no  longer  needed.  Do  not  return  to  originator. 


DISCLAIMER: 

The  findings  of  this  report  are  not  to  be  construed  as  an  official 
Department  of  the  Army  position  unless  so  designated  by  other  authorized 
documents . 


ABSTRACT 


This  report  presents  a Cost  Estimating  Relationship  (CER)  to  be  used  for 
predicting  automatic  cannon  manufacturing  theoretical  first  unit  cost 
and  learning  slope.  Physical  and  performance  characteristics  were  examined 
as  possible  independent  variables.  The  CER  presented  is  based  on  gun 
weight,  boresize  and  projectile  mass. 
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1.  INTRODUCTION 


This  study  was  performed  by  the  Cost  Analysis  Division,  Comptroller, 
US  Army  Armament  Materiel  Readiness  Ccmmand.  The  cost  estimating  rela- 
tionship was  developed  to  estimate  the  automatic  cannon  manufacturing 
costs  for  the  Division  Air  Defense  System  Independent  Parametric  Cost 
Estimate  (DIVAD  IPCE)  (January  1977) . It  is  presented  here  with  support- 
ing data  for  use  in  other  similar  type  studies. 


2.  PURPOSE 


The  purpose  of  this  study  is  to: 

a.  Present  methodology  which  may  be  used  in  estimating  automatic 
cannon  manufacturing  costs. 

b.  Present  supporting  data  such  as  gun  characteristics  and  histori- 
cal cost  data  which  ma>  be  used  to  determine  applicability  of  this  cost 
estimating  relationship. 


3.  SCOPE  OF  THE  STUDY 


The  automatic  cannon  manufacturing  costs  included  in  this  study  consist 
of  those  costs  included  in  the  reference  g cost  element  2.02,  Production, 
and  include  contractor  costs  of  manufacturing,  recurring  engineering, 
quality  control,  sustaining  tooling,  and  other  recurring  production  costs 
incurred  under  cost  element  2.02  and  which  are  properly  ^^ngabte)>to  the 
Government.  General  and  Administrative  (G^A)  and  Profit  nave-^b^OT 
excluded,  but  can  be  added  as  factors. 

The  weapons  used  in  this  study  are  identified  to  include  the  basic 
gun,  including  drive  unit  if  applicable;  feeder;  and  recoil.  Ancillary 
equipment  is  not  included. 


4.  GENERAL  APPROACH 


a.  Assumptions. 


pie  basic  assumption  o£  this  study  is  that  learning  is  a characteristic 
of  automatic  cannon  production.  The  dependent  variables  used  are  derived 
from  learning  curve  theory.  Theoretical  first  unit  cost  and  learning  curve 
slope  are  the  outputs  o£  the  cost  estimating  relationship. 


Secondly,  it  was  assumed  that  the  physical  and  performance  characteris- 
tics of  the  gm  can  be  used  as  independent  variables  to  determine 

first  mit  cost  and  slope.  The  problem  then  is  to  determine 
which  characteristics  most  accurately  project  cost. 


b.  Variables. 


This  study  was  initiated  to  provide  an  automatic  cannon  manufactur- 
ing cost  estimate  for  the  DIVAD  IPCE.  Therefore,  sixteen  guns  were 
generically  similar  to  the  proposed  DIVAD  gun  and 
which  had  readily  avctilable  procurement  cost  history  or  validated  cost 
estimates.  For  each  gun  a theoretical  first  unit  cost  and  learning  slope 
was  then  calculated  for  use  as  dependent  variables  (see  Section  A of  Annex) 

Nine  phy^cal  and  perfomance  characteristics  were  used  as  independent 
variables.  These  were  chosen  on  the  basis  of  availability  and  reason- 
ableness. These  characteristics  are:  gun  weight,  boresize,  number  of 

barrels,  number  of  components,  number  of  equivalent  ”D''-sized  drawings 
maxim^  r^ge,  muzzle  velocity,  kinetic  energy,  and  projectile  weight 
(see  Section  B of  Annex) . 


Preliminary  analysis  indicated  that  learning  slope  cannot  be  directly 
determined  using  these  gun  characteristics.  The  equation, 

Log^Y  - Log^A  + B Log^X  y,  was  applied  to  calculate  the  cost  of  an  arbi- 
trarily chosen  unit  (the  500th)  on  each  of  the  input  learning  curves.  This 
five  hundredth  unit  cost  provided  a satisfactory  dependent  variable  in 
place  of  the  learning  slope  (see  Section  A of  Annex) . 


— Where:  A = Theoretical  First  Unit  Cost 

B = Learning  Slope  (exponential  form) 
X = Unit  Number 
Y = Unit  Cost 
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c.  Regression  Analysis. 

An  extensive  regression  analysis  was  performed  using  the  Stanford 
University  Biomedical  Computer  Program.  In  the  search  for  a "good" 
relationship,  the  nine  independent  variables  were  regressed  (singly  and 
in  combinations  of  up  to  five  independent  variables)  against  each  of 
the  two  input  costs,  theoretical  first  unit  cost  and  500th  unit  cost. 
Nonlinear  relationships  (using  the  natural  logarithm  of  one  or  more 
variables),  as  well  as  strictly  linear  relationships,  were  examined 
for  statistical  acceptability.  The  ''best''  statistically  acceptable  equa- 
tion was  then  chosen;  one  for  theoretical  first  unit  cost  and  one  for 
500th  unit  cost. 

Gun  weight,  boresize,  and  projectile  weight  proved  to  yield  the 
"best"  relationship  for  both  costs.  The  equation  form  was  chosen  on  the 
basis  of  highest  coefficient  of  determination,  lowest  standard  error  of 
estimate,  and  the  range  of  the  absolute  value  of  the  partial  correlation 
coefficients.  The  t-test  was  used  to  test  the  significance  of  the  slopes 
at  a 991  level  of  confidence. 


3 


5.  STUDY  RESULTS 


The  manufacturing  cost  of  a given  lot  of  automatic  cannon  production  can 
be  estimated  using  these  two  relationships  and  learning  curve  equations. 
All  costs  are  expressed  in  FY  76  dollars. 

a.  Theoretical  First  Unit  Cost  Estimating  Relationship 

Z = -(7.804x10^)  + (2.068xl0^)W  + (1.450xl0^)X  - C9.625xlO^)Y 

where:  W = gun  weight  (lbs) 

X = bores ize  (mm) 

Y = projectile  weight  (lbs) 

Z = theoretical  first  unit  cost  (FY  76  $'s) 

Statistics: 

Coefficient  of  Determination  = .9213 
Standard  Error  of  the  Estimate  = 1.002x10"^ 

Partial  Correlation  Coefficients:  ZW.XY  = .9394 

ZX. IVY  = .7355 

ZY. WX  = .8610 


b.  Five-hundredth  Unit  Cost  Estimating  Relationship 

Z'  = -(1.699x10^)  + (5.895xlO^)W  + (5.049xl0^)X  - (2.606xl0^)Y 

where:  W = gun  weight  (lbs) 

X = bores ize  (mm) 

Y = projectile  weight  (lbs) 

Z'  = five -hundredth  unit  cost  (FY  76  $'s) 

Statistics: 

Coefficient  of  Determination  = .9094 

Standard  Error  of  the  Estimate  = 3.426x10^ 

Partial  Correlation  Coefficients:  Z'W.XY  = .9161 

Z'X.W  = .7417 
Z'Y.WX  = .8015 
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6.  USE  OF  THE  CER 


The  Automatic  Cannon  Manufacturing  CER  should  be  used  \A\en  gun  weight, 
boresize,  and  HE  projectile  mass  is  available  either  as  engineering  esti- 
mates or  actual  hard  data.  The  data  should  be  checked  to  see  that  it  is 
within  the  following  range  of  data  used  as  input  to  the  development  of  the 
CER: 


Range  of  Independent  Variables 
Variable  Range 


Gun  Weight  (lbs) 
Boresize  (ram) 

Projectile  Weight  (lbs) 


22.5  to  1000 
7. 62  to  40 
.0215  to  1.9600 


The  next  step  in  using  the  CER  is  to  solve  the  equations  for  Theore- 
tical First  Unit  Cost  and  Five- hundredth  Unit  Cost.  The  following  equation 
can  then  be  used  to  detemine  the  Learning  Slope:  y 

B = ^°ge  ^ ~ ■ ~°e  ^ 

Logg  500 

where:  A = Theoretical  First  Unit  Cost 

Y = Five-hundredth  Unit  Cost 
B = Learning  Slope 

Finally,  to  calculate  given  lot  values,  use  the  following  learning 
curve  equation.  This  equation  can  be  derived  from  the  equation  used  to 
find  the  algebraic  lot  midpoint. 

Total  Lot  Cost  . A X ^ ^ 

where:  A = Theoretical  First  Unit  Cost 

B = Learning  Slope 
F = First  Unit  in  Lot 
L = Last  Unit  in  Lot 

An  example  calculation  can  be  found  in  Section  D of  Annex. 


y This  calculation  yields  the  Learning  Slope  in  exponential  form  viiich 
is  the  form  used  in  the  next  calculation.  For  presentation  purposes,  the 
percentage  form  (expressed  as  Bl)  may  be  calculated  as  follows; 

Bl  = Antilogy  (B  x Log^2  + Log^lOO) 
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SECTION  A 


Dependent  Variables 


The  source  of  cost  data  for  each  weapon  system  used  in  the  CER  is 
included  in  this  section.  It  is  important  to  note  that  estimates  have 
been  used  as  input  data.  The  author  recognizes  the  danger  of  including 
estimates;  however,  to  obtain  a sufficient  data  base,  this  practice 
was  considered  necessary. 

Table  1 presents  a summary  of  the  input  costs.  The  500th  Unit  Cost 
is  calculated  as  noted  in  paragraph  4b  of  this  report. 
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Table  1 


DEPENDENT  VARIABLES 


THEORETICAL  FIRST 
UNIT  COST  (FY  76$;) 

LEARNING  SLOPE 
PERCENT 

1. 

MAG  58 

$ 1,654 

98.0 

2. 

M60 

618 

99.8 

3. 

M73 

12,296 

90.0 

4. 

M129 

7,031 

90.0 

5. 

Ml  34 

21,333 

88.0 

6. 

M85 

19,946 

90.0 

7. 

M2 

16,904 

90.0 

8. 

XM230 

19,973 

90.5 

9. 

XM140 

42,610 

91.0 

10. 

Ml  39 

23,849 

91.0 

11. 

XM188 

19,314 

98.0 

12. 

M197 

43,294 

87.2 

13. 

Bushmas  ter  34,925 

90.0 

14. 

M61A1 

32,300 

90.0 

15. 

GAU-8 

132,690 

87.7 

16. 

M2A1 

66,074 

90.0 

FIVE-HJNDREDTH 
UNIT  COST  (FY  yeSi 

$ 1,380 

616 

4.781 
2,734 

6.781 
7,739 
6,572 
8,161 

18,293 

10,237 

16,114 

12,680 

13,579 

12,684 

40,906 

25,691 


9 


1-  Mag  58,  7.62MM,  Machine  Gun  - Based  on  an  FY  77  DRSAR-PPW-SA  pre- 
contract  estimate  provided  for  1400  units  having  an  average  unit  cost  of 
$1,788.66.  A learning  slope  of  98  percent  was  assumed  based  on  M60 
Machine  Gun  history.  Theoretical  first  unit  cost  calculates  to  $1,654 
(FY  76$  s)  excluding  11.8  percent  for  G8A  and  10  percent  for  profit. 

2-  M60,  7.62MM,  Machine  Gun  - Cost  data  was  extracted  from  Army  Weapons 
Coiranand  Pamphlet  37-2  (Dec  72),  "Financial  Administration  Cost  Data." 

This  data  is  based  on  contract  values  and  learning  calculations  found  in 
the  M60  data  base  file  (DRSAR-CPE-D) . 

. ^75,  7.62MM,  Machine  Gi^  - Cost  is  based  on  three  lots  totaling  3,130 
unitsT The  contractor  estimated  a learning  slope  of  90  percent.  Tliis 
was  necessary  due  to  the  extensive  Government  furnished  equipment  provided 
to  the  contractor.  The  theoretical  first  unit  cost  is  then  calculated  to 
be  $12,296  based  on  the  90  percent  slope  and  the  average  unit  value  of 
the  3,130  units. 

4.  M129,  4(^,  Grenade  Launcher  - This  cost  is  based  on  a contract  for 

756  M129's.  This  contract  showed  an  average  unit  cost  (FY  76  $'s)  of 
$3023.01,  less  G8A  and  Profit.  Projected  using  an  assumed  90  percent  learning 
slope  provides  a theoretical  first  unit  cost  of  $7,031. 

5-  Ml 34,  7.62MM,  Gatling  Gun  - Theoretical  first  unit  cost  and  slope 
based  on  contract  data  for  eleven  lots  with  a total  procurement  of  9,502 
units.  The  calculated  values  are  $21,333  and  88  percent. 

6-  M85 , 12.7MM,  ^chine  Gun  - Cost  is  based  on  contract  data  for  three 
lots  for  a total  buy  of  2,098  units.  The  contractor  estimated  a learning 
slope  of  90  percent  (see  No.  3) , and  using  the  average  unit  value  for  the 
2,098  units,  the  theoretical  first  unit  cost  is  calculated  to  be  $19,946 


7.  M2,  12. 7MM,  Machine  Gun  - Based  on  an  FY  76  DRSAR-PPX-P  estimate 
dated  7 Oct  76  for  2000  weapons  having  an  average  unit  cost  of  $6,273.92. 

A 90  percent  learning  slope  was  assuned.  The  theoretical  first  unit  cost  is 
$16,904  (FY  76  $). 

8.  )04230,  30MM,  Chain  Gun  - Theoretical  first  unit  cost  and  slope  are 
based  on  an  analogy  with  the  XM140  30MM  gun  estimates.  A complexity 
factor  of  1/2.5  was  applied  to  the  Xf4140  gun  (less  barrel  costs)  based 
on  a parts  comparison.  IVhen  combined  with  barrel  theoretical  first  unit 
cost  and  slope  the  XM230  gun  values  become  $19,973  and  90.5  percent. 

(see  "Area  Weapon  Subsystem  and  Aerial  Rocket  Subsystem  Design -to -Cost 
Update  for  the  Advanced  Attack  Helicopter,"  January  1975,  for  further 
explanation  of  these  value  derivations) . 
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9.  XM140,  5 OMM,  Automatic  Gun  - Based  on  estimate  developed  by  Government 
cost  personnel  who  extensively  reviewed  the  contractor's  budgetary  and 
planning  estimates  for  the  gun.  The  contract  was  in  the  negotiation  phase 
when  the  Cheyenne  program  was  terminated  so  there  is  no  actual  contract 
data.  The  Government  cost  personnel  estimated  a theoretical  first  unit 
cost  of  $42,610  (FY  76  $)  and  a slope  of  91  percent. 

10.  M159,  20MM,  Automatic  Gun  - Contract  data  was  available  for  two  lots 
totaling  2330  units.  The  US  production  was  a modification  of  the  Swiss 
HS820  so  the  learning  slope  was  estimated  as  91  percent.  Using  the  average 
unit  value  for  the  2330  units  the  theoretical  first  unit  cost  is  $23,849 
(FY  76  $). 

11.  XML88,  30MM,  3-Barrel  Gatling  Gun  - Based  on  data  extracted  from  the 
Advanced  Attack  Helicopter  (AAH)  Baseline  Cost  Estimate  Update,  dated 

Aug  76.  The  AAH  estimates  are  based  on  engineering  estimates  and  analogies 
with  the  M197,  and  M61A1,  and  XM140  guns. 

12.  Ml 97,  2 OMM,  Gun  - The  M197  20mm  3-barrel  gun  cost  was  based  on  actual 
contract  costs  for  the  gun,  delinking  feeder,  and  barrels.  A total  of 
460  M197  weapons  and  M89E1  delinking  feeders  have  been  procured.  These 
data  were  plotted  usi^g  learning  curve  analyses  to  arrive  at  a learning 
slope  and  theoretical  first  unit  cost.  They  are  87.2  percent  and 
$39,768,  respectively.  Historically,  the  20mm  barrel  has  had  a learning 
slope  of  88  percent.  For  convenience,  the  87.2  percent  slope  was  used  to 
cost  1500  barrels  (500  weapons) . This  data  was  combined  with  the  weapon 
and  delinking  feeder  data  to  result  in  an  overall  M197  weapon  system 
theoretical  first  unit  cost  of  $43,294  and  a slope  of  87.2  percent. 

13.  Bushmaster,  25M4,  Gun  - This  estimate  was  developed  by  the  MICV-FM 
personnel  from  a CER  developed  by  DRSAR-CPE-S  for  the  MICV  program.  This 
CER,  based  on  the  M85,  M73,  M139,  M140  and  M42A1,  provided  a theoretical 
first  unit  cost  of  $34,925  with  an  assumed  learning  slope  of  90  percent. 

14.  M61A1,  2 OMM,  Gun  - The  theoretical  first  unit  cost  and  slope  were 
calculated  from  four  years  of  procurement  cost  history  data  extracted 
from  the  M61A1  gun  data  base  files  maintained  in  DRSAR-CPE-D. 

15.  GAU-8,  30MM,  Gatling  Gun  - This  estimate  was  developed  based  on  Cost 
Performance  Reports  provided  by  the  AlO  Special  Project  Office  at  Wright 
Patterson  Air  Force  Base,  Ohio.  From  the  data  for  four  contracts  total- 
ing 95  units  a theoretical  first  unit  cost  of  $132,690  and  a learning 
slope  of  87.7  percent  was  calculated.  The  raw  data  is  on  file  in  the 
GAU-8  data  base  maintained  in  DRSAR-CPE-D. 

16.  M2A1,  4 OMM,  Cannon  - The  majority  of  actual  contract  data  for  the 
M2A1  is  unavailable.  This  cost  is  based  on  a contract  totaling  978 
units  of  which  actual  data  was  available  for  a lot  of  678  units.  An 
engineering  estimate  determined  the  slope  to  be  91  percent.  The  theore- 
tical first  unit  was  calculated  based  on  the  average  unit  cost  for  the 
678  units  with  a prior  quantity  of  300  units. 
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SECTION  B 

Independent  Variables 


A suranary  of  physical /performance  characteristic  data  is  presented 
in  this  section.  Table  2 lists  those  characteristic  values  vdiich  were 
used  in  developing  the  reconmended  CER.  Table  3 lists  characteristics 
which  were  examined  in  the  regression  analysis,  but  were  not  used  in 
the  preferred  CER. 

The  source  of  thi^  data  is  widely  varied.  Most  of  the  weapon  data 
was  extracted  from  technical  characteristic  sheets  idiich  can  be  found  in 
the  DRSAR-CPE-D  data  base  files.  The  number  of  equivalent  "D"-sized  drawings 
was  extracted  frcm  the  "Producibility  Engineering  and  Planning”  Technical 
Report  (Jan  77)  prepared  by  DRSAR-CPE.  Technical  data  was  also  obtained  fron 
system  offices  by  telephone  contact.  Projectile  data  was  obtained  from 
HQ,  ARMCCM,  Technical  Report  DRSAR-CPE  76-4,  Anmunition  Cost  Research  Study, 
June  1976;  AMCP  700-3-2,  Complete  Round  Charts  Ammunition  through  20  Milli- 
meter, December  1973;  and  HQ,  ARRCCM,  Logistics  Engineering  Directorate 
technical  personnel. 

Standard  units  of  measure  for  the  independent  variables  are  used. 
Projectile  weights  that  were  expressed  in  grains  or  grams  were  converted 
to  pounds  by  dividing  the  given  weight  by  the  appropriate  physical  relation- 
ship of  7,000  grains  per  pound  or  454  grams  per  pound. 


12 


Table  2 


INDEPENDENT  VARIABLES  USED  IN  PREFFERED  CER 


Gun 

Weight 

Clbs) 

Boresize 

(mm) 

Projectile 
Weight  (lbs) 

1. 

MAG  58 

22.5 

7.62 

.0215 

2. 

M60 

23.2  . 

7.62 

.0215 

3. 

M73 

35.0 

7.62 

.0215 

4. 

M129 

44.0 

40. 

.5108 

5. 

M134 

56.0 

7.62 

.0215 

6. 

M85 

65.0 

12.7 

.1014 

7. 

M2 

82.0 

12.7 

.1014 

8. 

)(M230 

104.0 

30. 

.4359 

9. 

XM140 

150.0 

30. 

.4359 

10. 

Ml  39 

161.0 

20. 

.2687 

11. 

)(M188 

169.0 

30. 

.4359 

12. 

M197 

172.0 

20. 

.2229 

13. 

Bush. 

247.0 

25. 

.3965 

14. 

M61A1 

255.0 

20. 

.2229 

15. 

GAU-8 

804.0 
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40. 

1.9600 
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SECTION  C 


« I 

Regression  Analysis 


'Phis  section  contains  the  output  of  the  Stanford  University  Bio- 
medical Computer  Program  - Multiple  Regression  with  Case  Combination, 
rt  is  presented  here  for  information  purposes  and  can  be  used  to  deter- 
mine the  statistical  reliability  and  confidence  limits  of  the  relation- 
ships recommended  in  this  report. 

Some  explanations  are  necessary  to  relate  this  output  to  the  data 
presented  in  Section  A and  B of  this  Annex. 

1.  Due  to  the  limitations  of  the  program's  format,  dependent 
variables  were  adjusted  by  powers  of  ten  to  that  at  least  four  significant 
digits  were  printed.  The  following  table  is  a listing  of  variable  numbers 
and  the  transpositions  performed: 

Variable  Number  Variable  (With  Transposition) 

1 Gun  Weight 

2 Bores ize 

3 Projectile 

5 (Five-hundredth  Unit  Cost)  x lO'^ 

6 (Theoretical  First  Unit  Cost)  x 10 

2.  'Ihe  observation  number  in  the  "Table  of  Residuals"  can  be  identi- 
fied to  the  specific  weapon  system  by  referring  to  Tables  1,  2,  and  3 in 
Sections  A and  B of  this  Annex.  The  weapon  systems  were  numbered  on  those 
tables  solely  for  this  purpose. 
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SECTION  D 


Example  Application  o£  CER 


The  following  example  is  to  assist  the  estimator  in  using  the  CER. 
This  example  is  an  ideal  case  and  is  o£  a purely  fictional  weapon  system. 
Any  variation  from  the  stated  conditions  such  as  prior  US  production 
would  require  methodology  other  than  that  presented  in  this  report. 

1.  A new  automatic  cannon  weapon  system  is  desired  to  be  mounted  on 
the  Fictional  Attack  Tank  (FAT) . One  o£  the  weapons  being  considered  is 
the  Zl,  a 25  mm  automatic  gun  being  developed  by  a foreign  manufacturer. 

If  selected,  the  Zl  will  be  manufactured  in  the  US.  The  Zl  has  already 
been  selected  for  a helicopter  system,  but  production  will  not  start  until 
shortly  before  the  FAT  system  production  is  scheduled  to  begin.  The 
problem  is  to  estimate  the  armament  manufacturing  cost  for  the  FAT  system 
if  the  Zl  is  chosen. 

2.  The  foreign  engineers  have  published  a fact  sheet  on  their  Zl 
gun.  This  fact  sheet  contains  physical  and  performance  characteristic 
data  and  recommends  the  types  of  ammunition  to  be  used.  One  of  the 
physical  characteristics  listed  is  that  the  automatic  cannon  weighs 
approximately  200  pounds.  The  recommended  ammunition  of  the  High  Explo- 
sive (HE)  type  is  a US  round  which  has  been  in  production  for  several 
years.  The  HE  Projectile  weight  is  175.5  grams,  which  equates  to  0.387 
pounds . 

3.  These  values  are  then  used  in  the  Theoretical  First  Unit  Cost 
Relationship  and  the  Five -hundredth  Unit  Cost  Relationship  as  follows; 

Theoretical  First  Unit  Cost  (A) 

= -(7.804  X 10^)  + (2.068  x 10^)  (200)  + ,(1.450  x 10'^)  (25)  - 
(9.625  X 10^)  (0.387) 

= $32,557.25 


and. 
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Five -hundredth  IMit  Cost 


= -(1.699  X 10^)  + (5.895  x 10) (200)  + (5.049  x 10^)  (25)  - 

(2.606  X 10^  (0.387) 

= $12,628.28 

where:  Weight  (lbs)  = 200 

Bores  ize  (iran)  = 25 
Projectile  Weight  (pounds)  = 0.387 

4.  The  Learning  Slope  calculation  is  then  performed: 

g ^ Log^(12,628.28)  - Log^(32,557. 25) 

Log  500 
^e 


= -.152393 

where:  Theoretical  First  IMit  Cost  = $32,557.25 

Five  hundredth  IMit  Cost  = $12,628.28 

5.  Finally,  the  total  lot  cost  must  be  calculated.  To  perform  this 
calculation,  more  information  is  necessary. 

a.  How  many  Zl's  are  needed  for  the  operational  FAT?  (Note  that 
prototypes,  etc.  are  not  included  - this  CER  estimates  only  those  weapons 
funded  by  the  Procurement  Appropriation  during  the  Investment  phase  of 
the  systems ' s life  cycle) . 

b.  How  many  Zl’s  (for  the  helicopter  system)  will  have  been  produced 
by  the  time  the  FAT  Z1  goes  into  production? 

c.  What  are  other  contributing  factors  which  would  affect  FAT  Z1 
production?  Will  there  be  a break  in  production  between  the  helicopter 
A1  buy  and  the  FAT  Z1  buy?  Has  there  been  prior  US  production  of  the  Z1 
(other  than  for  the  helicopter)?  Is  the  FAT  Z1  significantly  different 
from  the  helicopter  Zl? 

The  project  manager  for  FAT  provided  the  following  answers  to  these 
questions: 

a.  Three  hundred  Operational  FAT  systems  will  be  produced.  There- 
fore, 300  Zl's  will  be  needed. 

b.  A buy  of  140  Zl's  is  planned  for  the  helicopter  system. 
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c.  Production  will  be  continuous.  There  are  no  significant 
differences  between  the  Z1  to  be  mounted  on  the  helicopter  and  the  FAT 
Zl.  There  is  no  known  US  production  other  than  for  these  two  systems 
(Note  that  the  answers  in  paragraph  3 are  the  ideal  situation.  Methods 
of  handling  factors  such  as  significant  changes  in  the  gun  and  breaks  in 
production  are  not  addressed  in  this  report.) 

The  total  lot  cost  can  now  be  calculated  as  follows : 


Total  Lot  Cost 

- f32  557  25)  . C440  ^ .5)--l“^«  " 1' - (U1  * ^ 

U2,bb/.25J  X -.152393  + 1 


= $4,135,489.66 


where:  Theoretical  First  Unit  Cost  = $32,557.25 

Learning  Slope  = -.152393 

First  Unit  in  Lot  = 141  (Units  1 thru  140  are  in  helicopter  lot) 
Last  Ur.’t  in  Lot  = 440 

6.  The  total  manufacturing  cost  for  a lot  of  300  Zl's  to  be  mounted 
on  FAT  systems  is  $4,135,489.66.  The  estimated  average  manufacturing 
unit  cost  of  the  Zl,  given  the  assumptions  listed  in  this  Section,  is 
$13,784.97. 
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